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Trypanosoma cruzi-cardiomyocytes: New Contributions
Regarding a Better Understanding of this Interaction
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The present paper summarizes new approaches regarding the progress done to the understanding o
the interaction of Trypanosoma cruziardiomyocytes. Mannose receptors localized at the surface of
heart muscle cell are involved in binding and uptake of the parasite. One of the most striking events in
the parasite-heart muscle cells interaction is the disruption of the actin cytoskeleton. We have investi-
gated the regulation of the actin mRNA during the cytopathology induced in myocardial cells by the
parasite.T. cruziinvasion increases calcium resting levels in cardiomyocytes. We have previously shown
that C&* ATPase of the sarcoplasmic reticulum (SERCA) is involved in the invasi®nasfizi in
cardiomyocytes. Treating the cells with thapsigargin, a drug that binds to all SERCA ATPases and
causes depletion of intracellular calcium stores, we found a 75% inhibitionT thazi-cardiomyocytes
invasion.
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host cells they induce a special endocytic process
Cardiomyocytes (CM) are the main targets fowhich leds to the formation of a vacuole known as
Trypanosoma cruZnfection in Chagas disease. Itparasitophorous vacuole (PV). It has been de-
is generally accepted that calcium ions play ascribed that during the formation of the PV some
important role throughout the contraction-relaxhost cell plasma membrane components will be part
ation cycle of muscle cells. Furthermore, the exef the membrane of the PV, but other components
isting literature shows the importance of calciunwill not be found in the membrane which lines the
ions during the interaction @t cruziwith differ-  PV. The involvement of glycoconjugates in this in-
ent cell types (Tardieux et al. 1994, Moreno et aliasion have shown that a number of carbohydrates
1994, Burleigh & Andrews 1995, Yoshida 1997 - such as galactose, N-acetyl galactosamine, N-
Garzoni et al. 1998, Caler et al. 1998). Sarcoplascetyl glucosamine, mannose and sialic acid — com-
mic reticulum (SR) performs calcium sequestraponents of glycoproteins and glycolipids present
tion by a calcium stimulated ATPase (SERCA)on the surface of both parasite and/or host cell may
Thapsigargin is a tumor promoting sesquiterpengarticipate in the interaction process (Andrews &
lactone that binds itself to all SERCA ATPase<oli 1981, Crane & Dvorak 1982, Vilalta &
leading to irreversible inhibition of their activity. Kierzenbaum 1983, 1985, Zingales & Coli 1985,
When this drug was used during the interaction d¥leirelles et al. 1986, Piras et al. 1987, Ouassi 1988,
T. cruzi,heart muscle cells showed a marked inhivermelho et al. 1992, Barbosa & Meirelles 1992,
bition of the infection (Silva & Meirelles 1998). Schenkman & Eichinger 1993, Vermelho &
When invasive forms of. cruziamastigote and Meirelles 1994, Soeiro et al. 1995). Mannosy! resi-
trypomastigote enter in contact with the surface afues and their counter-receptors play an important
role during the interaction at cruziand host cells.
They have been implicated as ligands during host
cell invasion and have been localized at the PV
¥ - : o1 _..membrane of macrophages and cardiomyocytes
m%?:éﬁg%‘g‘g%oi%h;grFax' +55-21-260.4434. mall(Barbosa & Meirelles 1992, Araujo-Jorge et al.
Received 9 June 1999 1993). We analysed the mannose receptor (MR) in
Accepted 9 August 1999 primary cultures of heart muscle cells and during
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its interaction withT. cruzi(Soeiro et al. 1999). parasitophorous vacuole containing parasite. These
The actin cytoskeleton plays an important role imesults indicated that the mannose receptors local-
many cellular processes including the parasite inzed at the surface of CM are involved in the bind-
vasion in mammalian cells. We have described alrg and uptake of. cruzi(Soeiro et al. 1999)
terations in the cytoskeleton organization in thg -7/ INFECTION AFFECTS mRNA REGULATION
cardiomyocytesT. cruziinfected (Pereira et al. |N cARDIOMYOCYTES

1993). We have investigate the regulation of the

actin mRNA during the cytopathology induced "owed to study biological and molecular events in

myocardial cells by the parasite. the T. cruziCM. When this parasite invades and
MANNOSE RECEPTORS AT THE SURFACE OF  develops its intracellular cycle within heart cells,
CARDIOMYOCYTES many alterations occur resulting in cytoskeleton
Carbohydrate-protein interactions play an imdisruption and myofibrillar breakdown in regions
portant role in a large variety of biological andwhere the intracellular parasites are located, fol-
pathological events. The mannose receptor (MRywed by the formation of actin polygons (Pereira
is able to recognize a wide range of Gram-negat al. 1993). Then, we hypothesized that the regu-
tive and Gram-positive bacteria, mycobacteridation of actin mRNA would be, in the same way,
yeast and parasites. Previously, it was thought thaffected. Our aim was to understand the molecular
its expression was restricted to tissue macrophagasis for the regulation of cytoskeleton proteins
but now it is known that it is expressed in othemRNA during CM differentiation and also after
cells as subsets of endothelial cells, smooth musaigeir infection withT. cruzi Total cellular RNA
cells, retinal pigment epithelium, kidney mesangialas isolated from normal afidcruziinfected CM
cells, myeloid cells and Kaposi sarcoma cells (rzsing Tri-Reagent (Molecular Research Center,
viewed in Stahl & Ezekovitz 1998). We analysednc.) Oligonucleotides probes were made to 3™
the mannose receptors in primary cultures Qfintranslated region of both actin mRNAs. Agar-
cardiomyocytes (CM) from mouse embryos folpse gel electrophoresis and Northern Blotting
studies of parasite-cell interaction (Meirelles et a'analysis were carried out using standard proce-
1986, Soeiro et al. 1997). Horseradish peroxidasgres. GAPDH mRNA probe was used as internal
(HRP) was used as ligand to localize the MR. HRB3ndard.
is a glycoprotein devoid of phosphorylated carbo- - The analysis of isoactin mMRNAs expression
hydrates and rich in mannose and N-acetylglyy,ring cardiomyogenesis vitro showed a de-

cosamine groups. The role of mannosyl residu ; h | ic isof
and MR during this interaction was tested by ca(r%§ease In both cytoplasmic isoformfs ndy)

o : > MRNASs concomitant with an increasedircardiac
bohydrate addition during CM-parasite uptake ! wm ! !

Infecti vsed by the additi £1 ctin mMRNA levelT. cruziinfected cells revealed
ntection rates were analysed by the addition of 18 .oy, tion of 50% in the-cardiac actin mMRNA
or 50 mM of D-mannose during the infection for

o~ - X . . expression with 72 hr of infection. In contrg3t,
i?tgrr k?gssg?cgl—lgalf:s?tlg ?ngfgéﬁirgnwgﬂﬁﬁess‘ewgé ctin mRNA increased 479 after 48 hr of infec-
fixed in Bouin, stained with Giemsa and the pe ion. In situhybridization demonstrated thatcar-

r-,. . . .
centage of infected CM was calculated. UItrastrucq"’le’y andp cytoplasmatic actin were located in

tural studies for MR detection were also performeg'fferent compartments during cell myogenesis

using HRP coupled to colloidal gold particlesWh'Ch corroborates with the concept that most

(HRP-Au) as probe. Non-infected CM were ﬁrstmRNA are addressed to the funct_ional protein com-
incubated incubated with HRP-Au for 30 min afPartment. Non-muscle cel'ls dlspl'ayﬁdacfun
4°C and then the temperature was elevated to 37°CRNA signal at the cell perifery, white-cardiac
and followed for 1 and 4 hr. Some cultures wer@¢tin MRNA had a perinuclear distribution in
incubated with HRP-Au for 30 min at 4°C, washed"YOCYtes. AfterT. cruziinfection,B-actin mRNA
and infected for 24 hr at 37°C with metacyclicV@S translocated from the periphery to the peri-
trypomastigote forms nuclear region in hlghly mfected cells. The'chang'es
The addition of D-mannose to the interactiorPPserved over the distinct pattern of isoactin
medium impaired the parasite uptake by the CMNRNAs expression during cardiac myogenesis
being the concentration of 10mM proved to be th¥ere induced byl cruziinfection. These results
most effective. The ultrastructural studies showedProvide evidence that cruziaffects actin mRNA
in non-infected CM, the tracer over the sarcotegulation.
lemma, near or inside uncoated vesicles, iiHE ROLE OF CALCIUM IONS DURING THE
caveolae and also in endocytic vesicles. In infectedTERACTION OF T. CRUZI-CARDIOMYOCYTES

CM, gold Iparucles Were seen atc;[hel site of dpara— T. cruzitrypomastigote forms invade a variety
site-sarcolemma association and also inside thg nammaliam cells triggering transient increases

Our invitro system of cardiac cell cultures al-
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in the [Ca@*]i an effect not observed with the nonexcitation-contraction is affected durifg cruzi
infective epimastigote stage (Tardieux et al. 1994nfection.

Moreno et al. 1994, Burleigh & Andrews 1995,

Dorta et al. 1995, Caler et al. 1998). According to REFERENCES

Tardieux et al. (1994), the €4ransients induced Andrews NW, Colli W 1981. Interiorization gt cruzi

in host cells would promote the invasion by re- I culturecj mamalian cells inhibition by N-acetyl-
cruitingfhe lysosomes at the site of parasite entry. 9lucosamine, p. 81, res. 104, Xill Anual Meeting

The C&™ signalling activity fronT. cruziis soluble g?aii? sic Reasearch on Chagas Disease, Caxambu,

and linked to the activity of a parasite serine hyaayjo-Jorge TC, Barbosa HS, Meirelles MNL 1993,
drolase, the oligopeptidase B (Burleigh & Andrews  Trypanosoma cruzicognition by macrophages and
1995, Caler et al. 1998). Also, the finding of el-  muscle cells: perspectives after 15-year stivtm
evated [Cé*]i in trypomastigote forms during the  Inst Oswaldo Cruz 8743-56.

process of cell invasion (Dorta et al. 1995, Moren8arbosa HS, Meirelles MNL 1992. Ultrasructural de-
et al. 1994) suggests that the parasite posssessedectionin vitro of WGA, RCA and Con-A binding
the ability to control its own G4 levels, possibly EiteTS involved in the "I‘DvaSiO_“ ?Lheﬁg&%lfz?gce”s
through regulation of influx or mobilization from y Trypanosoma cruzpParasitol Res ~409.
intracellular stores. Treatments which decrease §-1€igh. B and Andrews, NW 1995. A 120 kDa alka-

. line peptidase fronrypanosoma cruzs involved
elevate cytoplasmic Ca (Yakubu et al. 1994) in the generation of a novel Ca2+-signaling factor

showed that a decrease or increasd.igruzi for mammalian cells) Cell Biol 138 999-1008.
[C&? *; modifies infectivity downward or upward, caler EV, Avalos SV, Haynes PA, Andrews NW, Burleigh
respectively. BA 1998. Oligopeptidase B-dependent signaling

To study the role of calcium ions in the inva-  mediates host cell invasion Byypanosoma cruzi
sion of cultured cardiac myocytes we used fura-2, EMBO J 17 4975-4986.
a dual ratiometric fluorescent €aindicator. For Crane MJ, Dvorak JA 1982. Influence of monosacharides
fura-2, significants shifts are observed in the exci- ©On the infection of vertebrate cells bypanosoma
tation spectra, but not in the emission spectrd’ Ca gf“SZégngI‘l’XOP'asma gondiMol Biochem Parasitol

+ H HP H . - .
o and A bound s f alemei e pora i P . Ot M, Yoshida 195
. . Ca 2+ signal induced byrypanosoma cruzi

ent wavelenghts, and intensity measurements can etacyclic trypomastigote surface molecules impli-
be made at two different wavelenghs and a ratio cated in mammalian cell invasioMol Biochem
can be obtained. Cardiomyocytes were incubated parasitol 73 285-289.
with fura-2-AM, 4 mg/ml in Eagle medium for 20 Garzoni L, Masuda MO, Capella MAN, Lopes, AG,
min, then rinsed and maintained in Eagle’s medium. Meirelles, MNL 1998Trypanosoma cruivasion
They were analyzed with an inverted Carl Zeiss in cardiomyocytes increases the calcium resting
microscope — Attofluor digital fluorescence ratio level.Mem Inst Oswaldo Cruz 93uppl. II): 86.
imaging system. Profiles of fluorescence intensity€irélles MNL, Araujo-Jorge TC, De Souza W, Barbosa
were obtained before and after the interaction with Eesa r%?r?fs'cllgtiﬁg'mrgz?’fgﬂ:’;0&?3 g'?ozc‘:'\rl:ztehmical
.T' cruzi Fura-2_mon|tored the 'mrace”u'.ar Calc'ym analysis of endocytic vacuole formation and effect
in nqrmal cardiomyocytes fqr 1hr; for interaction upon myogenesis in vitr&ur J Cell Biol 41 198-
studies after the observation of normal cells, 2qg.
trypomastigotes forms of. cruziwere added t0o Moreno SNJ, Silva J, Vercesi AE, Do Campo, R 1994.
the cultures. Our results showed a significant in- Cytosolic free calcium elevation ifrypanosoma
crease in intracellular calcium levels during the cruziis required for cell invasionl Exp Med 180
invasion process. We observed transients-Ga 1535-1540. .
creases when the parasite only touched the céfuassi MA 1988. Role of the RGD sequence in para-
but did not adhere. When the parasite was seen 5'“; adhesion to host ceRarasitol Today 4169-
?gghigtree?etdoggz&%kiaeﬁgqétlzrgé?qease fit@as Pereira MC, Singer RH, Meirelles MNL 1997. Regula-

. tion and Localization off anda-cardiac actin
We have previously shown that @-aATPase_ mMRNAs inTrypanosoma cruiifected heart muscle
of the SERCA was involved in the process of in-  celisin vitro. Mem Inst Oswaldo Cruz 98uppl. 1):
vasion of cardiomyocytes by. cruzi(Silva & 69.
Meirelles 1998) Treating cardiomyocytes with 2, Pereira MCS, Costa M, Chagas Filho C, Meirelles, MNL
4 and 6 pM of thapsigargin, during 3 and 6 hr, a 1993. Myofibrillar breakdown and cytoskeletal al-
drug that depletes intracellular calcium stores, we terations in heart muscle cells during invasion by
found a statistically significant inhibition -75% -  Trypanosoma cruzi immunological and
in the T.cruzicardiomyocytes invasion. Further  ultrasructural study) Submicrosc Cytol Pathol 25

studies are being done to investigate how the CM 555-569.
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Piras MM, Henriquez O, Piras R 1987. The effect of on host cell invasion dfrypanosoma cruzinduced
fetuin and other sialoglycoprotein on the “in vitro”  cytoosloc free C# transients] Exp Med 1791017-

penetration offrypanosoma cruzirypomastigotes 1022.

into fibroblastic cellsMol Biochem Parasitol 122 Vermelho AB, Meirelles, MNL 1994. Sialoglyconjugates

135-143. in Trypanosoma cruiosta cell interaction: possible
Schenkman S, Eichinger D 199Rypanosoma cruzi biological model — a Reviewem Inst Oswaldo

transialidase and cell invasidParasitol Today 99 Cruz 89 69-79.

218-222. Vermelho AB, Barreto-Bergter E, Pereira, MC, Meirelles
Silva DT, Meirelles MNL 1998. Expression of the en-  MNL 1992. Glycolipids and protein profile of nor-

doplasmic reticulum enzymes in tiieypanosoma mal andTrypanosoma cruzinfected heart muscle

cruziinfected and non infected cardiomyocyiem cells.Acta Trop 5217-25.

Inst Oswaldo Cruz 9&uppl. II): p. 116. Vilalta F, Kierszenbaum F 1983. Role of cell surface

Soeiro MNC, Paiva MM, Barbosa HS, Meirelles MNL, = mannose residues in host cell invasiornThypano-
Araujo-Jorge TC 1999. A cardiomyocytes mannose soma cruziBiochem Biophys Acta 7389-44.
receptor system is involved ifrypanosoma cruzi  Vilalta F, Kierszenbaum F 1985. Role of N-
invasion and is down-modulated after infectiGell acetylglucosamine residues on host cells infection
Structure and Function 24.39-149. by Trypanosoma cruzBiochem Biophys Acta 834

Soeiro MNC, Barbosa HS, Meirelles, MNL, Paiva MM, 216-222.

Waghabi M G, Guimar@es EV, Araujo-Jorge TCYakubu MA, Majumder, S, Kierszembaum F 1994.
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Cruz 92(Suppl. 1): 76. Yoshida N, Dorta ML, Ferreira, AL, Oshiro MEM,
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Stahl PD, Ezekowitz RA 1998. The mannose receptor is tion. Mol Biochem Parasitol 8457-67.

a pattern recognition receptor involved in host deZingales B, Colli, W 1985Irypanosoma cruzinterac-

fense.Curr Opin Immunol 1050-55. tion with host cellsCurr Trop Microbiol Immunol
Tardieux, |, Nathanson MH, Andrews NW 1994. Role  117. 129-147.



